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Abstract: An attempt has been made to understand the geomorphological setting of fluvial landscape of 

Lidder valley. The study region begins from the base of the Kolahoi and the Shishnag glaciers. The two 

main upper streams- the West and the East Lidder originate from these glaciers and joins near Pahalgam. 

The Lidder River forms a braided valley in the plains. Between Pahalgam and Gur, the Lidder falls from 

2,129 m to 1590 m. The valley has antecedent drainage of mostly dendritic type. In the study area, the 

Lidder River is the higher order or sixth order stream. The East and West Lidder Rivers are the fifth order 

streams which join at Pahalgam and form the sixth order stream. For the different orders of the drainage 

basins, various parameters have been carried out and in addition the three main channel patterns of the 

Lidder River have been identified. The Lidder basin comprises dozens of different watersheds. The number 

of parameters used for this study endeavors to be as comprehensive as possible 
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INTRODUCTION 
 

Rivers are dynamic and increasingly important part of the physical environment. Their behaviour is 

interest of wide variety of concerns, ranging from flood control, navigation and water resource development 

to recreation. They represent a potential threat to human population and property through flood, droughts 

and erosion. They therefore have a political, social, economic as well as physical relevance. They are the 

agents of erosion and transportation, removing water and sediments from highlands and transferring them to 

lowlands. They are thereby making lowland and plain areas an important resource for generating agriculture 

and developing economy all-around. They also determine the land use and basin physiography. The fluvial 

system, the transfer of water and material from mountainous areas to the plains is characterized by tendency 

towards increasing the concentration and organization. 

Lidder valley holds a unique position in Himalayas and is the gift of Lidder River. It is the picturesque 

and breathe taking valley of the Himalayas and is gifted with lofty ranges, alpine meadows, intermountain 

valleys, gorges, terraces, glaciers and cirque lakes. The Lidder River is formed by joining Kolahoi and  

Sishnag River which originates from the glaciers of  Kolahoi and Shishnag respectively. The river has a 

permanent flow throughout the year with maximum discharge available during month of May to September, 

which reduces from December to February. The river being glacier fed has got sufficient discharge available 

during summer months to cater to the needs of irrigation. 

Morphometric analysis provides quantitative description of the basin geometry to understand initial 

slope, the rock hardness, structural controls, geological and geomorphic history of drainage basin (Strahler 

1964).  Morphometric analysis is the science of measurementand mathematical estimation of the earth’s 

shape, size and dimension of its landform (Clarke 1966).A drainage basin is known as drainage area, 

catchment area, or watershed of a particular stream. It is extensively accepted as a basic unit in the milieu of 

geomorphology for the study of stream orders, topographic units, geology, sedimentation, erosion, climate, 

vegetation and many environmental processes.  
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Methodology 

 The study is based on a detailed mapping of 1271 km2 of the area  using Survey of India (SoI) 

topographical sheets at 1:50,000 scale. Taking a drainage basin as a unit of study and systematic analysis of 

landforms contributed by drainage network were pioneered by Horton (1945) for a detailed quantitative 

expression of drainage basin in the form of stream hierarchy. This was further extended, modified and 

practiced by different research scientists all over the world for the last five decades. Among the early 

researchers, Strahler (1952, 1964, and 1971) and his associates published a number of papers establishing 

the base of quantitative techniques. The present study of the Lidder drainage basin has been accomplished 

using the above techniques. The (Fig. 2) displays the drainage network of Lidder valley. The valley has 

antecedent drainage of mostly dendritic type. In the study area, the Lidder River is the higher order or sixth 

order stream. The Kolahoi and  Sishnag River are the fifth order streams which join at Pahalgam and form 

the sixth order  stream. For the different orders of the drainage basins, various parametershave been carried 

out (Table 1).The Lidder basin comprises dozens of different watersheds.  The number of parameters used 

for this study endeavors to be as comprehensive as possible 

Locational Setting 

 
Fig.1 Locational Setting of Lidder Valley 

 

The Lidder valley lies between 33o48/ to 34o15/ North latitude and 75o5/ to 75o33/ East longitude. It 

comprises whole Pahalgam Tehsil and some villages of Bijbehara and Anantnag Tehsil of Anantnag 

District. The valley is 40 km away from the capital city Srinagar. It occupies the southeastern part of the 

giant Kashmir Himalayan synclinorium and forms part of the Middle Himalaya. The valley lies between the 

PirPanjal range in the south and southeast, the north Kashmir range in the main Himalayan range in the 

northeast and Zanskar range in the northwest (Fig.1). The study region is surrounded by Saribal-Katsal ridge 

on the east, the Wokhbal on the west and Kazimpathbal on the north. 

The study region begins from the base of the Kolahoi and the Shishnag glaciers. The two main upper 

streams- the Kolahoi and the Sishnag originate from these glaciers and joins near Pahalgam. The Lidder 

forms a braided valley in the plains. Between Pahalgam and Gur, the Lidder falls from 2,129 m to 1590 m.  

Results and discussion 

Geomorphology 

The Lidder valley begins from the base of two main upper streams the  Kolahoi and  Sishnag River 

which join near Pahalgam. Below Pahalgam, the Lidder passes through the wide alluvial fan near 

Aushmuqam and the river braids in the plains. The magnitude of relief, the overall steepness of slope and 

the scales of debris accumulation provides an overwhelming sense of instability by mass movement and 

catastrophic events. Thus the wide spread sign of slope failure tends to mask overall operation of 

geomorphological processes. Along the valley walls there are widespread marking of glaciation along with 

striation markings of erratics. In the main Lidder valley as well as along the foot hills the terrace scars of 

Lidder and its tributaries speak high snow accumulation at high altitudes and high ablation rates in Kolahoi 
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and Shishnag results in high but variable melt water discharge, peak flow in the Lidder along with moving 

bed load including large boulders in channel gradients. 

Stream order  

In the study area the drainage basins are designated into different orders from the particular streams and 

confluence of the streams. The fingertip streams having no tributary are designated as 1st order stream. The 

confluence of two first streams defines the head of a 2nd order stream, the confluence of tow 2nd order 

streams defines the head of a 3rd order stream, similarly the confluence of two 3rd order streams, define the 

head of the 4th order stream, and so on. An increase in the stream order only occurs at the point when two 

streams of the same order join each other. If any lower order stream enters to a higher order, either first to 

second, third, fourth or higher or second to third, fourth or higher, or third to fourth, or fifth, sixth or higher  

etc. there is no change in the ordering system. The total number of streams of the different orders of the 

Lidder basin is 3345. 

Stream length 

The stream displays the surface runoff characteristic and is considered as one of the significant 

hydrological feature which determines the shape of the drainage basin. Thus, in the Lidder basin the first 

order streams have the shortest length. The stream length increases with each successive order. The total 

length of the streams of the different orders of Lidder basin are 2620.88km, whereas first order, second  

order, third order, fourth order, fifth order and the higher order have the stream length of 1622.2 km, 616.01 

km, 255.07 km, 53.6 km, 26 km and 52 km respectively. The Table 1.1 reveals that there   is a specific 

relationship between the stream length and order. The slope of the basin appears to be the main factor which 

causes variations in the length of different orders of streams. 

Mean Stream Length  

The mean stream length is a characteristic property related to the drainage network and its associated 

surfaces (Strahler, 1964). The mean stream length (Lsm) has been calculated by the equation  

Lsm = ΣLu/Nu 

(Where, ΣLu is the total length of   stream, Nu is the total number of stream of the basin).The mean stream 

length of the Lidder basin ranges between 0.90 of the first order to 52 km of the 6th order. The mean stream 

length of 1st order is 0.58, 2nd order is 0.78, 3rd order is 2.68, 4th order is 5.95 and the 5th order is 13.5 

respectively (Table 1). 

Stream Length Ratio  

Length ratio may be defined as the ratio of the mean length of the one order to the next lower order of the 

stream segment (Horton 1945). The stream length ratio between the streams of different orders of the study 

area shows a change in the drainage basin. This change might be ascribed due to the variation in slope and 

topography, indicating the late youth stage of geomorphic development in the streams of the valley.  

Length of the basin 

According to the Schumm (1956) the basin length is the longest part of the basin parallel to the principle 

drainage line. The total estimated length of the basin is 72 km. 

Area of Basin  
The basin area is an important another parameter of the morphometric analysis like drainage density, 

bifurcation ratio etc. The total area of the basin is 1272sqkm. 

 

Width of the basin 

The basin occupies the maximum width in the northern section and minimum in the central part from east 

to west direction. The width of the basin is about 30 km on the basis of Horten’s equation  

Wb = A / Lb 

Where Wb is the width of the basin, A  is the area of the basin and Lb is the basin length. 
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Basin Perimeter 

This parameter may be taken as an indicator of the basin and is usually taken as the outer boundary of the 

basin. The estimated basin parameter of the Lidder basin is 177km. 

Elongation Ratio 

Elongation ratio is defined as the ratio of diameter of a circle of the same area as the basin to the 

maximum basin length Schumm (1965). Strahler states that this ratio runs between 0.6 and 1.0 over a wide 

variety of climatic and geologic type.The elongation ratio was calculated based on the  followingSechum’s 

(1956) equation. 

Re = 2 / Lb * (A / π) 0.5  

Where, Lb is the basin length and A is the basin area. 

The elongation ration of the Lidder basin is 0.73 which displays the watershed is somewhat elongated. 

Form Factor Ratio (Rf) 

Form factor (Rf)may be defined as the ratio of basin area to the square of the basin length. The form 

factor value of the Lidder River basin is 0.25 which indicates somewhat elongated basin  shape. The value 

of form factor varies from 0 (highly elongated shape) to the unity i.e 1 (perfect circular shape).In the 

elongated basin, the flow of water is distributed over a longer period of time as compared with the circular 

basin (Eze and Efiong 2010). 

Circulatory ratio 

It is influenced more by the length, frequency and gradient of streams of various orders than slope 

conditions and drainage pattern of the basins ( Strahler, 1957). The circularity ratio of 0.55 indicating, that 

the basin is associated with strong relief and steep ground slope.The ratio shows that the basin is 

characterized by somewhat of elongated shape and high permeability of the subsoil conditions. The 

circularity ratio is a significant ratio, which indicates the stages of dissection in the study area. 

Bifurcation Ratio 

It is a ratio of the number of streams of a given order to the number of the streams of the next order. The 

stream orders lead to the identification of a significant characteristic of the drainage channels that is the 

bifurcation ratio. The bifurcation ratio between the successive stream orders in the basin ranges from 2 to 

10.4. The average bifurcation ratio of the stream orders is 5.54. Bifurcation ratio is dimensionless, the 

natural number varies between 2 to 5.3 and is formed of homogeneous rocks, but bifurcation ratio below 2nd 

and 3rd order demonstrates a pronounced structural control that encourages the development of elongated 

narrow drainage basin. Further, it is attributed to orientation of channel links, particularly its sensitiveness, 

effect of faults, joints and bedding of the structural type which is the expressive effect of structural control. 

The Lidder valley has a large number of joints and three prominent faults in the vicinity of East and West 

Lidder. In the rest of the order the bifurcation ratio clearly reflects the ground reality to homogeneity of 

structural control of rocks. 
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Fig.2 Drainage basin of Lidder Valley 

Drainage density        

Drainage density is the stream length per unit area in region of watershed (Horton, 1945; Strahler, 1952 

and 1958; Melton, 1958). It  is an important element of drainage analysis. In the study region, there is 

gradual increase in basin size from higher order to lower order. The Table 1.1 reveals that the catchment 

area increases with decrease in stream order in each basin.The analysis of drainage density controls the 

texture and spacing of stream channels. Drainage density, as an important parameter of basin morphometry, 

is one of the factors that control the rate of runoff following a period of precipitation. The greater the density 

the faster is run-off. The drainage density of Lidder basin is 1.20. The low drainage density of the basin is 

mainly due to thick vegetative cover.      

 

Drainage Texture (Rt) 

According to Horton (1945) drainage texture is the total number of streams divided by the perimeter. 

Texture ratio is a most significant influencing factor in the drainage morphometric analysis which depends 

on climate, rainfall, vegetation, soil and rock types, infiltration rate and relief. Smith (1950) has classified 

drainage texture into five categories i.e. very coarse (<2), Coarse (2-4), moderate (4- 6), fine (6-8) and very 

fine (>8). In the study area texture ratio is 9.54, which indicate very fine texture. 

 

Drainage intensity  

The drainage intensity of the basin was calculated on the basis of the Faniran (1968) equation  

Di = Fs / Dd 

Where Di is the drainage intensity, Fs is the stream frequency and Dd is the drainage density .Drainage 

intensity is the ratio of the stream frequency to the drainage density Faniran (1968). This Lidder basin shows 

a low value of the drainage intensity of 1.16.  

 

Stream Frequency 

Stream frequency (Fs) is the total number of stream segments of all orders per unit area (Horton, 1932). 

Another important parameter is stream frequency of basin morphometry because it is controlled by various 

factors like, climate, underlying rock, vegetation and slope. In the study region, relatively, stream frequency 

becomes higher with the decrease of stream order. It has therefore contributed maximum dissection and 

erosion in the upper reaches of the basin. The stream frequency of the basin is 1.54 (Tab.1). The high stream 
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frequency supports to discharge maximum surface run-off to the lower reaches, the higher order stream 

therefore collect abundant discharge and result flash floods.   

 
Table 1: Morphometric parameters of Lidder Valley 

Stream 

Order 

No. of streams of 

each order 

Bifurcation 

ratio 

Total length  

of streams  

of each order  

Mean 

length 

Mean 

Stream 

Length 

Ratio 

Basin 

Length 

(Km) 

Basin  

Width (Km) 

Basin 

Relief 

1 2754 5.6 1622.2 0.58 2.18    

2 484 5.1 616.01 1.27 2.11    

3 95 10.5 255.07 2.68 2.22 72 30 3910 

4 9 4.5 53.6 5.95 2.18    

5 2 2 26 13 4    

6 1  52 52     

Contd… 

Mean 

Bifurcatoin 

ratio 

Total Length of 

streams 

Total Area of 

basin Km2 

Elongation 

Ratio 

Drainage 

Density 

Drainage 

Frequency 

Circulatory ratio 

5.54 2624.88 2172 0.73 1.20 1.8 0.55 

Infiltration Number (If) 

The If is calculated by multiplying the value of drainage density (Dd) and stream frequency (Fs). It is 

expressed as following formula 

If=D×Fs (7)  

Where, D is the Drainage density and Fs is the stream frequency. Higher the value of infiltration number 

greater the permeability of soil covers. In the present study Infiltration number is 0.97 respectively. 

Ruggedness Number (Rn) 

According to Strahler (1968), the Ruggedness number is computed by the total basin relief and the 

drainage density. Ruggedness number of the Lidder River basin has 4.69. Rn indicates the structural 

complexity of the terrain in association with relief and drainage density. Ruggedness Number (Rn) has been 

derived based on the equation 

Rn = Dd * (H /1000) 

of Patton & Baker (1976) 

Basin Relief 

Basin relief is difference between the maximum and minimum elevation of the basin. The difference of 

the basin ranges from a minimum of 1950 m   to a maximum of 5500 m. The total basin relief of the river 

basin is therefore 3950 m. 

 

Relief Ratio  

The relief ratio may be defined as the ratio between the total relief of a basin and the longest dimension 

of the basin parallel to the main drainage line (Schumm, 1956).The value of relief ratio of the basin 

is177.72. It has been observed that areas with low to moderate relief and slope are characterized by 

moderate value of relief ratios. The high   relief ratio of the valley is mainly due to the high relief and steep 

degree of slope. The relief ratio of the basin was derived by the equation  

Rhl = H / Lb 

Where Rhl is the relief ratio, H is the total basin relief and Lb is the basin width. 

Lemniscate’s(k)  
 Lemniscate value is used to find out the slope of the basin. The equation used for the calculation is   

k = Lb²/4A  

Where, Lb is the basin length (km) and A is the area of the basin (km²). The Lemniscates’s value for the 

basin is 0.96. 
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Melt water Stream 

The Lidder valley consists of 50 meltwater streams, of which 20 have their origin in the present glaciers. 

They are present in the northern portion of the valley from higher altitudes of 4000 m almost to the 

Pahalgam basin at 2200 m. 

In the study region meltwater streams are mostly located in the East Lidder valley. These are tributaries 

to the main trunk streams of the East and the West Lidder Rivers and flow in the northwest-southeast 

directions. The tributary streams join the trunk streams from either side and the streams have developed 

convex irregularities where the main and the hanging troughs meet. 

Large variations are observed in the morphology of the streams. The streams tend to be flat-floored with 

steep sides near the trough heads of the glaciers and are wider than deep. In the middle section of the East 

and the West Lidder the streams are incised into deep gorges with depth ranging between 75 m and 100 m. 

Channel pattern 

 Channel pattern refers to the shape of a channel in plain view as from the air. Three main channel 

patterns have been identified: meandering, straight and braided. The meandering channel pattern is 

characterized by a sinuous channel with varying degrees of regularity of the bends in the channel. The 

straight channels are relatively rare. The braided channel pattern is characterized by an abundance of mid 

channel bars. In the vicinity of Pahalgam East and West Lidder Rivers join together and due to high 

discharge the channel at the confluence carries a huge sediment load as well as wash load and straight 

channel commences with a medial bar at Pahalgam, Ganeshpur, Lidro, Batkot and Lar. The straight channel 

stretches between Pahalgam to Mawar over a distance of 13 kms and this region has a low energy 

environment where available stream power is not sufficient for bank erosion and cross channel currents are 

relatively weak. Below Batkot the Lidder River broadens its extent and channel pattern is modified due to 

deposition of sediments along the river bed producing large number of point bars. Between Kershangam and 

Siligam huge pebble bar has been developed with an offshoot of small channel, which reveals a scar of 

Paleo ox-bow. In this section combination of transverse current with the main downstream velocity 

component gives a spiral or helicoidal motion for flow. From Vaneer to MulphurLidder River has developed 

large number of point bars in the channel and the Lidder river is fully sedimented with sand and clay and 

thalweg passes  through center of point bars particularly gravel bars which extend for nearly three km. Also 

in this section there are numbers of relic ox-bow which clearly indicate migration of meandering belts based 

upon variability in discharge. 

Four prominent ox-box relics are confined in a section of two km between Malpur to Siligam. The 

Lidder River has developed a braided channel form Malpur to Gur (Fig 3). In this section the braided 

reaches of Lidder consists of two or more channels divide by bars with one channel usually being dominant. 

This section is characterized by relatively high width– depth ratio, steep slopes and bed loads.  

 

 
Fig.3 Channel Network of Lidder Valley 
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 There are complex bars and islands developed at Hutmur and Mattan. At Hutmur rhomboidal bars in 

outline have developed a coarse gravel load and also in this point the vegetation on the bars have helped to 

stabilize by preventing erosion and promoting the deposition of finer material. 

Conclusion 
For different orders of the drainage basin, various parameters have been carried out. In the Lidder valley, 

the stream length increases with each successive order. The mean stream length of the Lidder basin ranges 

between 0.90 of the first order to 52 km of the 6th order. The slope of the basin appears to be the main 

factor, which causes variation in the length of the different orders of the streams. The average varies 

between 2 to 5.3. Large variations are observed in the morphology of the streams. The streams tend to be 

flat floored with the steep sides near the trough heads of the glaciers and are wider than deep. In the middle 

section of the East and the West Lidder the streams are incised into the deep gorges with depth ranging from 

75 to 100 m. The basin as a whole has the drainage density of 2.48. The upper drainage basin and its major 

tributaries of different orders have high drainage density. The low drainage density found in the lower 

reaches of the basin is mainly due to thick vegetation cover. In the Lidder valley, relatively steam frequency 

is higher with the decrease of stream order. It has therefore contributed maximum dissection and erosion in 

the upper reaches of the basin. 
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